Background: Financial hardship among survivors of pediatric cancer has been understudied. We investigated determinants and consequences of financial hardship among adult survivors of childhood cancer. Methods: Financial hardship, determinants, and consequences were examined in 2811 long-term survivors (mean age at evaluation ¼ 31.8 years, years postdiagnosis ¼ 23.6) through the baseline survey and clinical evaluation. Financial hardship was measured by material, psychological, and coping/behavioral domains. Outcomes included health and life insurance affordability, retirement planning, symptoms, and health-related quality of life (HRQOL). Odds ratios (ORs) estimated associations of determinants with financial hardship. Odds ratios and regression coefficients estimated associations of hardship with symptom prevalence and HRQOL, respectively. All statistical tests were two-sided. Results: Among participants, 22.4% (95% confidence interval [CI] ¼ 20.8% to 24.0%), 51.1% (95% CI ¼ 49.2% to 52.9%), and 33.0% (95% CI ¼ 31.1% to 34.6%) reported material, psychological, and coping/behavioral hardship, respectively. Risk factors across hardship domains included annual household income of $39 999 or less vs $80 000 or more (material OR ¼ 3.04, 95% CI ¼ 2.08 to 4.46, psychological OR ¼ 3.64, 95% CI ¼ 2.76 to 4.80, and coping/behavioral OR ¼ 4.95, 95% CI ¼ 3.57 to 6.86) and below high school attainment vs college graduate or above (material OR ¼ 2.22, 95% CI ¼ 1.45 to 3.42, psychological OR ¼ 1.75, 95% CI ¼ 1.18 to 2.62, and coping/behavioral OR ¼ 2.05, 95% CI ¼ 1.38 to 3.06). Myocardial infarction, peripheral neuropathy, subsequent neoplasm, seizure, stroke, reproductive disorders, amputation, and upper gastrointestinal disease were associated with higher material hardship (all P < .05). Hardship across three domains was associated with somatization, anxiety and depression (all P < .001), suicidal ideation (all P < .05), and difficulty in retirement planning (all P < .001). Survivors with hardship had statistically significantly lower HRQOL (all P < .001), sensation abnormality (all P < .001), and pulmonary (all P < .05) and cardiac (all P < .05) symptoms. Conclusions: A substantial proportion of adult survivors of childhood cancer experienced financial hardship. Vulnerable sociodemographic status and late effects were associated with hardship. Survivors with financial hardship had an increased risk of symptom prevalence and impaired HRQOL.
this burden is considerable because survivors are less likely to graduate from college, assume higher-skilled occupations, or earn higher income than siblings (8) (9) (10) . The Childhood Cancer Survivor Study (CCSS) has reported that survivors incur higher out-of-pocket medical costs than siblings (11) .
"Financial hardship" (financial distress due to cancer diagnosis or treatment) and "financial toxicity" (adverse impact of financial hardship on health outcomes) are emerging concepts to describe financial issues faced by cancer populations. A taxonomy has recently been proposed to study these concepts: material conditions (expenses or bills related to medical care), psychological responses (worry/distress due to costs), and coping behaviors (skipped care or medications) (12) . Approximately 30% of US adult cancer survivors have financial problems (13, 14) . Risk factors of material and/or psychological hardship among adult cancer survivors include middle age (41-65 years) at study participation (14, 15) , female sex (14) (15) (16) , minority race/ ethnicity (African American, Hispanic) (14) (15) (16) (17) , lower educational attainment (15, 18) and household income (15, 17, 18) , unemployment (17) , shorter time since diagnosis (13), treated with chemotherapy or radiation therapy (13) , and poor health conditions (17, 18) . Survivors cope with financial problems by withholding medical care (19) . Consequently, financial challenge has been linked to suboptimal HRQOL (14) and increased bankruptcy (20) .
The emergence of financial hardship in survivors of childhood cancer is unique, as treatment exposures and subsequent medical complications occurring during early stages of human developmental can jeopardize maturation of human capital (ie, educational attainment, employment, etc.). However, the impacts of treatment toxicity and human capital on financial hardship and the associations of hardship with acquiring insurance, retirement planning, symptom prevalence, suicidal ideation, and HRQOL have been understudied. Medically verified late complications and associations with financial hardship have not yet been identified.
Using data collected from the St. Jude Lifetime Cohort Study (SJLIFE), we investigated the prevalence, determinants, and consequences of financial hardship in adult survivors of childhood cancer within a proposed conceptual framework. We hypothesized that 1) demographic (middle-aged at evaluation) and clinical factors (more intense treatment, developing treatmentrelated chronic health conditions) would increase risk of material, psychological, and coping/behavioral financial hardship; 2) human capital (lower educational attainment, lower household income, unemployment) would outweigh the influence of demographic and clinical variables on financial hardship; and 3) financial challenges could impact health/life insurance affordability, retirement planning, and health outcomes (symptom prevalence, suicidal ideation, and HRQOL).
Methods

Study Sample
This cross-sectional study utilized data collected from 2811 adult survivors of childhood cancer enrolled in SJLIFE, a retrospective cohort study with prospective clinical follow-up established to investigate etiologies and late treatment effects (3, 21) . Survivors received comprehensive risk-based medical evaluations consistent with the Children's Oncology Group (COG) Long-term Follow-up Guidelines (22, 23) . Clinical assessment data were used to categorize 168 specific chronic health conditions using modified Common Terminology Criteria for 
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Adverse Events (CTCAE) grading; the severity of each condition was categorized as asymptomatic/mild (grade 1), moderate (grade 2), severe/disabling (grade 3), or life threatening (grade 4), as previously reported (24) . During clinical evaluations, participants completed a survey that investigated financial situation, health and life insurance affordability, retirement planning, and patient-reported outcomes. Clinical and survey data collected during the first SJLIFE evaluation were used in this study. Figure 1 displays the conceptual framework developed from this study for investigating the determinants and consequences of financial hardship in adult survivors of childhood cancer.
Data Collection
Eligible participants included survivors who were treated at St. Jude since 1962, survived 10 years or longer from diagnosis, and were age 18 years or older at study participation. As of June 2015, 5067 potentially eligible survivors were identified, 4928 were confirmed eligible, 3063 completed an on-campus clinical assessment, and 2811 were included in the analysis (Figure 2 ). The study protocol was approved by St. Jude's institutional review board, and all participants provided written informed consent for evaluations.
Measures
We used three survey items to evaluate three domains of financial hardship. Material hardship: "Looking back over time since your cancer diagnosis, how much of an impact did your cancer experiences have on your financial situation?" As data related to medical bills/debts were not collected in the SJLIFE survey, we used this general financial impact item as a surrogate of material hardship. This item was derived from the Brief Cancer Impact Assessment (25) and contained five response categories (1 ¼ very negative impact; 2 ¼ somewhat negative impact; 3 ¼ no impact; 4 ¼ somewhat positive impact; 5 ¼ very positive impact), which were further dichotomized into "hardship" (1-2) and "no hardship" (3) (4) (5) . Psychological hardship: "Concern about ability to cover expenses for health care and prescribed medicine." This item contained five response categories (1 ¼ very concerned; 2 ¼ somewhat concerned; 3 ¼ concerned; 4 ¼ not very concerned; 5 ¼ not at all concerned), which were further dichotomized into "hardship" (1-3) and "no hardship" (4) (5) . Coping/ behavioral hardship: "You needed to see a doctor or go to the hospital but did not go due to finances." This item contained two response categories (yes and no). One item from the SJLIFE survey was used to evaluate health insurance affordability ("Ever had difficulty obtaining health insurance because of your health history"). Two items were used 
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to evaluate life insurance and retirement issues ("Ever had difficulty obtaining life insurance because of health history"; "How much of an impact did your cancer experiences have on retirement plans"). Each item was categorized by two levels (yes and no). Based on our previous publication (6), seven symptom domains were included: sensation abnormality, cardiac symptoms, pulmonary symptoms, pain, somatization, anxiety, and depression. The last three symptom domains were based on the Brief Symptom Inventory-18 (BSI-18) (26) . Suicidal ideation (an item of the BSI-18) was examined independently. HRQOL was measured using the Medical Outcomes Study 36-Item ShortForm Health Survey (27) . Physical component summary (PCS) and mental component summary (MCS) were calculated and normalized (mean ¼ 50, SD ¼ 10).
Determinants/Covariates
Determinants of financial hardship included treatment exposures abstracted from medical records, demographics (age at evaluation, sex, and race/ethnicity), socioeconomic status (education, employment, annual household income, number of household members, and marital status), time since diagnosis, and 15 groups of chronic health conditions collected from the clinical evaluation (Supplementary Table 1 , available online). To summarize the burden of treatment modalities, each participant was assigned to a low-, moderate-, or high-risk burden group (Supplementary Methods and Supplementary Figure 1 , available online). Chronic health conditions were categorized as present (CTCAE grades 2-4) or not present (no diagnosed chronic health condition or CTCAE grade 1) (24) . These variables were adjusted in the analysis for associations of financial hardship with outcomes of interest.
Statistical Analysis
Logistic regressions were performed to estimate odds ratios (ORs) for each financial hardship domain associated with individual determinants. Multinomial logistic regressions were performed to estimate relative risks (RRs) associated with determinants of having hardship in one, two, and three domains vs none. Multivariable logistic regression models were Figure 2 for the reasons for the exclusion of eligible participants. GED ¼ General Equivalency Diploma. †P values for the comparison between survivors included in this study and survivors eligible but excluded from this study were computed using chi-square tests (twosided) for binary or categorical variables and Student t tests (two-sided) for continuous variables. ‡Other: American Indian, Alaska Native, Asian, and Pacific Islander. §High-risk burden: chemotherapy, radiotherapy and invasive surgery, or radiotherapy plus invasive surgery. Moderate-risk burden: chemotherapy plus radiotherapy, chemotherapy plus invasive surgery, radiotherapy only, or invasive surgery only. Low-risk burden: chemotherapy only (Supplementary Methods, available online). kCTCAE grades 2-4 chronic health conditions. performed to estimate odds ratios for each outcome variable (difficulty in acquiring health and life insurance, retirement planning, and symptom prevalence) associated with each hardship domain, adjusting for the aforementioned covariates. Multivariable linear regression models were performed to test associations of hardship with HRQOL. The variance inflation factor (VIF) index (cutoff 10) was used to determine multicollinearity among variables associated with financial hardship. Statistically significant differences in analyses were determined by P values of less than .05. Cohen's metrics were used for comparing HRQOL differences, with 2.0-4.9, 5.0-7.9, and 8.0 or more points indicating small, medium, and large effect sizes (28, 29) . STATA v14.2 (College Station, TX) was used for all analyses. All statistical tests were two-sided.
Results
Participant Characteristics
Of 2811 survivors, 57.8% were treated for hematological malignancies, 32.0% for solid tumors, and 10.1% for central nervous system malignancies ( 
Determinants of Financial Hardship
Lower educational attainment, lower household income, and older age at evaluation were the most statistically significant predictors of financial hardship across the three domains (Table 2 ). CTCAE grade 2-4 myocardial infarction (P < .001), peripheral neuropathy (P < .001), subsequent neoplasm (P < .001), seizure (P ¼ .007), stroke (P ¼ .02), reproductive disorder (P ¼ .01), amputation (P ¼ .02), upper gastrointestinal disease (P ¼ .04), and hearing loss (P ¼ .05) were each associated with material hardship, with odds ratios ranging from 1.38 (reproductive disorder) to 2.55 (myocardial infarction). Predictors of psychological hardship included having a CTCAE grade 2-4 myocardial infarction (P ¼ .02) and reproductive disorder (P ¼ .02). Survivors treated with modalities associated with a high-(vs low-) risk disease burden had increased risk of material (P ¼ .01) and psychological (P ¼ .004) hardship. Lower educational attainment and household income, unemployment, older age at evaluation, and CTCAE grade 2-4 conditions (myocardial infarction, peripheral neuropathy, and reproductive disorder) were associated with a higher number of hardship domains (Supplementary Table 2 , available online). VIFs for all determinants were approximately 2.5, suggesting a weak multicollinearity.
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Financial Hardship and Insurance Affordability and Retirement Challenge
Financial hardship across three domains was statistically significantly associated with difficulty in acquiring health and life insurance and poor retirement planning (Table 3 ). There was a three-, two-, and 10-fold greater risk, respectively, in acquiring health insurance, life insurance, and impact on retirement planning for those with hardship on one or more domains vs none (all P < .001). A higher number of hardship domains was associated with more difficulty in acquiring insurance and retirement planning (Supplementary Table 3 , available online).
Financial Hardship and Symptoms
Financial hardship across three domains was statistically significantly associated with prevalence of physical and psychological symptoms (all P <.001 for sensation abnormality, somatization, anxiety and depression; all P < .05 for cardiac and pulmonary symptoms and suicidal ideation) (Table 4) . However, odds ratios of sensation abnormality, cardiac symptoms, somatization, depression, and suicidal ideation were higher for having coping/behavioral hardship (all P < .001) than having psychological (all P < .01) and material (all P 
Financial Hardship and HRQOL
Financial hardship across all three domains was statistically significantly associated with lower PCS and MCS (Figure 4) . After adjusting for covariates, decreased PCS between those with and without material, coping/behavioral, and psychological hardship were 5.2, 5.0, and 4.1 points (all P < .001). Decreased MCS related to coping/behavioral, material, and psychological hardship were 5.8, 5.1, and 4.6 points (all P < .001). With a higher number of hardship domains, larger decrements in PCS and MCS were observed (Supplementary Table 5 , available online). Compared with the norm, there were small effect sizes of suboptimal HRQOL among survivors having a single domain of hardship (approximately three points in both PCS and MCS), but large effect sizes among those having two domains (approximately seven points in both) and three domains (approximately 12 points in both) of hardship.
Discussion
We used patient-reported and clinically ascertained data from a large cohort to investigate determinants of financial hardship and consequences in adult survivors of childhood cancer. This study is a secondary data analysis, and the financial hardship items were designed before the availability of validated tools for measuring financial distress (30) and coping behaviors (31) . Evaluating material hardship is particularly challenging due to a lack of consensus regarding definition and measurement (12) . *P values were computed based on logistic regression models (two-sided). CI ¼ confidence interval; OR ¼ odds ratio. †Material hardship: "impact of cancer on financial situation"; psychological hardship: "concern about ability to pay health care and medication expenses"; coping/behavioral hardship: "inability to see a doctor or go to the hospital due to finances." ‡Analysis adjusted for age at evaluation, time since diagnosis, sex, race/ethnicity, educational attainment, employment status, annual household income, the number of people supported by household income, marital status, burden of treatment modalities, and 15 groups of chronic health conditions.
Without data describing out-of-pocket medical costs or debts, we queried the degree to which cancer impacted the survivor's financial situation as a surrogate of material hardship. The use of this metric is more objective (impact) than subjective (distress), with a distinctive pattern of prevalence as compared with other hardship domains ( Figure 3) . Alternatively, collecting data related to retirement challenges (eg, shortage of retirement savings) as a result of cancer/late effects can also be used to measure material hardship. Despite these limitations, our data are the most comprehensive to date to stress the importance of financial issues among childhood cancer survivors.
It is important to note that we evaluated financial hardship by three domains rather than a composite score, as the latter could not inform how the hardship is related to available financial resources, financial distress, and/or reactions to financial difficulties (12) . Overall, 22.4%, 51.1%, and 33.0% of our participants reported hardship in the material, psychological, and coping/behavioral areas, and 65% had hardship in at least one area. The pattern of hardship differs from survey data among adultonset cancer survivors, where 20% reported material hardship (16), 21% to 23% worried about covering large medical bills (14, 16) , and 14% to 18% reported forgone/delayed medical care due to finances (13) . The discrepancy between this and the national studies may be due to the use of different measures and the characteristics of our participants, who are economically vulnerable, including lower household income, educational attainment, employment rate, and health insurance coverage (32) . But our findings reflect the unique financial challenge of childhood cancer survivors, who often develop treatmentrelated health problems younger than adult-onset cancer individuals (2, 33) .
Survivors who were older at evaluation, having a lower educational attainment and lower household income or developing late medical effects were more likely to experience financial hardship across three domains than their counterparts. The risk of hardship was higher in the middle-aged group than the young-aged group. Unlike younger survivors who may receive monetary support from parents, middle-aged survivors are more likely to be financially responsible for household expenses. It is evident that childhood cancer survivors have a higher risk of productivity loss than noncancer individuals (34, 35) , and lower productivity at early life stages has shown decreased earning mobility and financial security in later life (36, 37) . By extending beyond previous research (38), we identified that specific severe chronic health conditions exacerbated the risk of hardship, especially the material domain, by twofold vs those with no, asymptomatic, or mild conditions. Not surprisingly, this "double-hit" phenomenon places childhood cancer survivors in a disadvantaged situation of adverse psychosocial and health outcomes.
The negative association of financial hardship with acquiring life insurance and retirement planning has not been previously reported, suggesting the occurrence of compounding financial risks when childhood cancer survivors age into their elder years. We found that hardship across three domains decreased the likelihood of acquiring life insurance due to health history by 2.6-fold risk. This is in line with a Dutch study in which 20% of adult survivors endorsed difficulty obtaining life insurance; among them, 61% were rejected by insurance companies (39) . Strikingly, the risk of difficulty with retirement planning was increased 20-fold among survivors with material hardship. Unlike older adult-onset cancer survivors who may have accumulated wealth (40), childhood survivors often struggle earning money and securing employment, thereby contributing to a lack of planning for retirement. Childhood cancer survivors are at higher risk of developing depressive symptoms (7) and suicidal ideation (41) compared with the general population, and suicidal thought has been linked to elevated all-cause mortality (42) . The excess risks for depressive symptoms (2.2-to 2.9-fold) and suicidal ideation (1.6-to 3.4-fold) in relation to three hardship domains were independent of the influence of education and income variables found in previous studies (41, 43) . Interestingly, inability to access health care due to finances was more strongly associated with depressive symptoms and suicidal thought than concerns about the ability to pay medical expenses. Although the mechanism through which financial issues affect symptoms is unknown, bankruptcy (44) and a lack of social integration/support (45) may play a mediating role.
The financial challenges observed in childhood cancer survivors, typically due to late medical effects, emphasize the importance of addressing this issue in a systematic manner (46, 47) . From the viewpoint of health policy, the Affordable Care Act's (ACA's) high-risk insurance plans and state-based exchanges provide subsidized coverage for uninsured cancer survivors; however, cost-sharing under these plans is higher for those who are underemployed (48) . The only services covered under the ACA with no out-of-pocket costs are those that meet A/B categories as recommended by the US Preventive Services Task Forces (49) . Unfortunately, the ACA does not mandate screening tests for late effects, as recommended by the COG (eg, cardiac imaging for cardiomyopathy).
Without amendments to the current policy, early detection in the survivorship care setting, followed by appropriate interventions, becomes critical. In practice, simply asking survivors about their ability to pay for health care could alert the survivorship care team to explore the risks of financial problems (50) . Additionally, identifying survivors who forgo/delay medical appointments due to finances and offering hardship-specific coping strategies (51) might prevent depression, suicidal ideation, and other adverse consequences. Useful coping practices/ interventions include alleviating negative psychological responses to financial hardship (eg, job-club [52] ), supportive education programs to increase financial literacy (53) , and navigation systems to address financial barriers during survivorship care (47, 54) .
Several limitations should be considered when interpreting our findings. First, our results may not be generalizable to all childhood cancer survivors as participants were recruited from a single institution. Compared with the CCSS baseline survey (55), our study contained more participants who were older in age at evaluation, were racial/ethnic minorities, were leukemia and solid tumor survivors, and had no health insurance coverage. Second, financial hardship was measured by extent items included in the SJLIFE. As financial hardship is a new area and tools to measure this concept are still emerging, this limitation highlights an opportunity for future research. Third, the use of cross-sectional data precludes a temporal ascertainment between determinants and consequences of financial hardship. Collecting longitudinal data is necessary to quantify the change of financial status and establish a causal inference of financial hardship with outcomes.
In conclusion, financial hardship is prevalent in adult survivors of childhood cancer. Socioeconomic factors and late effects are related to financial hardship, which in turn affect insurance affordability, retirement planning, and various health outcomes. Future studies are warranted to establish effective strategies to mitigate the impact of financial hardship on childhood cancer survivors.
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